Where dispersal is energetically expensive, feeding and food availability can influence dispersal success. The endemic Prince of Wales northern flying squirrel (Glaucomys sabrinus griseifrons) inhabits a landscape mosaic of old-growth, 2nd-growth, and clear-cut stands, with the latter 2 representing energetically expensive habitats. We estimated the diet of flying squirrels using stable isotope and fecal analyses, determined whether food availability varies among forest stands, and assessed the likelihood of foraging across a managed landscape given the distribution of foods on Prince of Wales Island (POW), Alaska. Both stable isotope and fecal analyses revealed that conifer seeds, lichens, and fungi were the main dietary items consumed and assimilated by flying squirrels. Similarly, soil macroinvertebrates were consumed by squirrels, whereas berries were not. Nonetheless, although examination of stable isotope data suggested that squirrels assimilated few nutrients from truffles, this food source was among the most frequent diet items in feces, probably because flying squirrels assimilate elements other than nitrogen from fungi. Our surveys showed that conifer seeds, truffles, and lichens were more prevalent in old-growth than 2nd-growth and clear-cut habitats. Thus, our results indicate that diet and availability of food items on POW may influence foraging success and dispersal movements of G. sabrinus across fragmented landscapes because of limited availability of food resources in the managed habitats. DOI: 10.1644/09-MAMM-A-014R.1. The endemic Prince of Wales flying squirrel (Glaucomys sabrinus griseifrons Howell, 1934) inhabits a habitat altered significantly by broadscale timber harvest; the once near contiguous old-growth Sitka spruce (Picea sitchensis)-western hemlock (Tsuga heterophylla) forests are now a mosaic of oldgrowth remnants, younger 2nd-growth stands (,60 years in age), and clear-cuts. Future timber harvest will further fragment the old-growth forest on Prince of Wales Island (POW), Alaska. Current plans to maintain a system of oldgrowth reserves assume that, despite the increased fragmentation, populations of old-growth obligate species will function as metapopulations through continued dispersal among old-growth isolates (United States Department of Agriculture Forest Service 1997). However, our recent studies demonstrated that flying squirrels gliding into 2nd-growth and clear-cut habitats may experience difficulties orienting toward the nearest forest edge, especially on cloudy, rainy nights (Flaherty et al. 2008 ). Under such conditions, which are common on POW, travel paths (relative to straight-line distance) of flying squirrels across clear-cut and 2nd-growth stands are considerably longer than in old-growth forests and are characterized by multiple pauses, which translate to greater travel time (Flaherty et al. 2008 ). In addition, we found that the cost of quadrupedal locomotion, the mode of transport adopted by squirrels in clear-cut and 2nd-growth stands, is higher than expected, especially when compared to other arboreal sciurids (E. A. Flaherty, pers. obs.). Thus, unless flying squirrels are able to replenish their depleted energy stores when dispersing across high-cost managed stands, successful dispersal and viable metapopulations are unlikely (Smith and Person 2007; Smith et al., in press). 
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The endemic Prince of Wales flying squirrel (Glaucomys sabrinus griseifrons Howell, 1934 ) inhabits a habitat altered significantly by broadscale timber harvest; the once near contiguous old-growth Sitka spruce (Picea sitchensis)-western hemlock (Tsuga heterophylla) forests are now a mosaic of oldgrowth remnants, younger 2nd-growth stands (,60 years in age), and clear-cuts. Future timber harvest will further fragment the old-growth forest on Prince of Wales Island (POW), Alaska. Current plans to maintain a system of oldgrowth reserves assume that, despite the increased fragmentation, populations of old-growth obligate species will function as metapopulations through continued dispersal among old-growth isolates (United States Department of Agriculture Forest Service 1997). However, our recent studies demonstrated that flying squirrels gliding into 2nd-growth and clear-cut habitats may experience difficulties orienting toward the nearest forest edge, especially on cloudy, rainy nights (Flaherty et al. 2008 ). Under such conditions, which are common on POW, travel paths (relative to straight-line distance) of flying squirrels across clear-cut and 2nd-growth stands are considerably longer than in old-growth forests and are characterized by multiple pauses, which translate to greater travel time (Flaherty et al. 2008 ). In addition, we found that the cost of quadrupedal locomotion, the mode of transport adopted by squirrels in clear-cut and 2nd-growth stands, is higher than expected, especially when compared to other arboreal sciurids (E. A. Flaherty, pers. obs.) . Thus, unless flying squirrels are able to replenish their depleted energy stores when dispersing across high-cost managed stands, successful dispersal and viable metapopulations are unlikely (Smith and Person 2007; Smith et al., in press ).
Although the diet of G. sabrinus has been studied extensively (Smith 2007) , limited information exists on the diet of populations in the temperate rain forests of Southeast Alaska . Based on the diversity of spores identified in fecal samples in past studies, G. sabrinus appears to be primarily a mycophagist, specializing on the fruiting bodies of hypogeous mycorrhizal fungi (hereafter, truffles) in most parts of its range (Currah et al. 2000; Maser et al. 1986; . However, the reliance of G. s. griseifrons on fungi in Southeast Alaska may be lower than elsewhere . Truffles have low nutritional value (Claridge et al. 1999; Cork and Kenagy 1989; Dubay et al. 2008) , and by consuming a diversity of genera that differ in nutritional contents, squirrels are able to obtain essential nutrients (Claridge et al. 1999; Dubay et al. 2008) . Because species diversity of truffles is lower in Southeast Alaska, flying squirrels may be unable to meet their nutritional needs by concentrating on truffles as a food source . G. sabrinus augments its diet by consuming epigeous fungi (mushrooms); arboreal lichens such as Bryoria, Usnea, and Alectoria spp. (Maser et al. 1985; Rosentreter et al. 1997 ); berries; conifer seeds; new growth tips and buds from trees; bird eggs and young; animal tissue; and invertebrates (Maser et al. 1985; Thysell et al. 1997; Wells-Gosling and Heaney 1984) .
Timber harvest changes the structure and microclimate of old-growth forests (Colgan 1997) , removes the energy sources (trees) for fungi (Amaranthus et al. 1994; Colgan 1997) , and damages the hyphal mat during logging operations (Carey et al. 2002) . Thus, resulting clear-cuts, 2nd-growth, and thinned stands exhibit significantly lower fungal biomass and diversity than old-growth stands (Amaranthus et al. 1994; Carey et al. 2002; Waters et al. 1994) , and little is known about the length of time required before fungi will reestablish colonies and begin to produce truffles (Amaranthus et al. 1994) . The effects of timber harvest on the availability of other potential diet items of flying squirrels are even more obscure. Nonetheless, these managed habitats may be depleted not only in the preferred diet item, fungal fruiting bodies, but also in alternative foods. Such lower availability of food items may reduce the ability of dispersing flying squirrels to replenish their energy stores. Therefore, the objectives of our study were to estimate the relative importance of fungal fruiting bodies and other potential food items in the diet of northern flying squirrels in Southeast Alaska, determine if the abundance of those diet items varies between old-growth and managed forests, and evaluate whether dispersers would be expected to encounter adequate food resources while traversing managed landscapes of Southeast Alaska.
MATERIALS AND METHODS
Study area.-Study sites were located on northern POW, Alaska, near the community of Naukati (55u529N, 133u129W; Fig. 1 ). The old-growth habitat is composed of Sitka spruce and western hemlock, with yellow cedar (Xanthocyparis nootkatensis) and western red cedar (Thuja plicata) occurring in more mesic areas. These old-growth stands contain many down, decaying logs and snags. The understory includes devil's club (Oplopanax horridus) and dense areas of Vaccinium spp. The 2nd-growth habitat is primarily ''doghair'' stands of spruce and hemlock (i.e., densely stocked with small-diameter trees that were on average no more than onehalf the diameter of trees in old-growth-Alaback 1982). Second-growth rain forest in Southeast Alaska correspond ecologically to substantially younger 2nd-growth forests at lower latitudes because succession proceeds much slower (300 years to develop old-growth forest structure). The remainder of the study area was composed of clear-cuts, which are recently (,5 years) disturbed stands with no overstory and a vegetation layer that includes skunk cabbage (Lysichitum americanum) and Vaccinium spp., with some small pools of standing water.
Livetrapping and sample collection. area of approximately 10 km 2 . Because radiotelemetry, finescale movement, and perceptual range data all indicated that flying squirrels were avoiding clear-cut and 2nd-growth habitats (Flaherty et al. 2008; S. Pyare and W. P. Smith, per. obs.) , and because Smith and Person (2007) determined that low-quality old-growth habitats (i.e., peatland-mixed conifer stands) act as population sinks on POW, we did not establish trapping grids in managed stands. Tomahawk No. 201 (13 3 13 3 41-cm) live traps (Tomahawk Live Trap Co., Tomahawk, Wisconsin) were placed approximately 1.5 m above the forest floor on the bole of a tree and baited with a mixture of rolled oats, peanut butter, and molasses (Smith and Nichols 2003) . Traps were checked at sunrise, and animals captured for the 1st time were marked with a unique passive integrated transponder tag (Biomark, Boise, Idaho); all captured individuals were weighed and sexed. We collected whole blood samples from each new captured adult for stable isotope analysis. Animals were briefly exposed to halothane, an inhalant anesthetic with a rapid induction rate and recovery (McColl and Boonstra 1999; Menzel et al. 2004) , and we collected a small, triangular ear clipping from the medial edge of the right ear using a pair of sharp tissue scissors. We used microcapillary tubes to collect whole blood droplets from the ear. The tubes were stored inside sterile Whirlpacks (Nasco, Fort Atkinson, Wisconsin) and frozen. We collected blood samples only from adults because of the increased risk of mortality from cardiovascular depression associated with halothane exposure (McColl and Boonstra 1999) that could be exacerbated by the physiological stress from dispersal activity in juveniles. We also collected fecal pellets from the anus or from a clean, uncontaminated surface where they fell during handling (Carey et al. 2002; Lehmkuhl et al. 2004; . We excluded pellets that visibly included bait. Feces were stored in Whirlpacks and frozen. Field methods were approved by the University of Wyoming Institutional Animal Care and Use Committee and followed guidelines approved by the American Society of Mammalogists (Gannon et al. 2007) .
Estimating diet with stable isotope and fecal analyses.-We estimated the diet of flying squirrels using both stable isotope and fecal analyses. Stable isotope analysis determines the relative contribution of assimilated diet items, whereas fecal analysis yields information on the diversity of recently digested food (Angerbjörn et al. 1994) , in this case fungi, through the identification of cells and spores. Stable isotope analysis provides an index of the relative contribution of each item in the diet (Ben-David and Schell 2001; Phillips and Koch 2002) through measurement of isotopic values of the heavy isotopes of carbon (C) and nitrogen (N) in the tissue of an animal and those in the potential diet items. In this analysis it is important to account for the difference between the isotopic values of the consumer and its diet, or diet-consumer discrimination, which stems from chemical or physiological processes (Gannes et al. 1997 ). In addition, for reliable estimates of diet contribution, all diet items should have distinctive isotopic signatures, and the appropriate tissues must be used because tissues differ in turnover rates, dietconsumer discrimination, and assimilation of different diet components (Gannes et al. 1997) . For example, isotopic values of blood serum correspond with diet during a relatively short period of time, 1-2 weeks prior to sampling, whereas red blood cells reflect diet during the previous 2-3 months (Hilderbrand et al. 1996; Hobson and Clark 1993) . Additionally, isotopic discrimination and routing of the different components from each food source (i.e., carbohydrates, lipids, and proteins) to consumer body tissues can complicate the interpretation of isotopic signatures (Gannes et al. 1998 ). However, the use of stable isotope analysis in conjunction with fecal analyses should provide more reliable estimates of diet composition because fecal analysis may underestimate use of some diet items and thus may not sufficiently describe the importance of some foods (Thysell et al. 1997) . Furthermore, unless fecal samples are assigned to individuals, it could provide a biased estimate of the population-level use of a specific resource (Felicetti et al. 2003 (Herrera et al. 2001) .
For stable isotope analysis we dried samples of potential foods at 60uC for 48 h and then ground the samples into a fine powder using a mixer mill (Retsch MM 200; Glen Mills Inc., Clinton, New Jersey). A subsample was placed into a miniature tin weighing boat (4 3 6 mm) for combustion and sent in duplicate to the University of Wyoming Stable Isotope Facility. Data of d 13 C and d 15 N were generated with a Costech ECS elemental analyzer (Costech Analytical Technologies, Valencia, California) attached to a Finnigan DeltaplusXP mass spectrometer (Thermo Fisher Scientific, Inc., Waltham, Massachusetts) using PeeDee Belemnite (PDB) for the C standard and atmospheric air for N. Sample results were accepted if variance between the 2 subsamples did not exceed 0.15% and machine linearity did not deviate from 0.99 (BenDavid et al. 1997 ). Blood samples collected from flying squirrels were processed similarly. For those samples serum was not separated from blood cells because of the small amount of blood collected in capillary tubes. Consequently, isotopic values for squirrels represent their diet over the 6-8 weeks prior to sampling.
We used multivariate analysis of variance (MANOVAZar 1999) and post hoc Scheffé multiple comparisons to test for significant differences in stable isotope values among the various diet items and assessed differences in isotope signatures using a K-nearest neighbor randomization test (Rosing et al. 1998) . We tested for differences in isotopic values of whole blood between sexes using a Student's t-test assuming equal variance (Zar 1999) . The isotope data for all distinct diet items and those of flying squirrels were incorporated into a dual-isotope linear mixing model to determine the relative contribution of the various diet items to the overall squirrel diets in spring and autumn. For this analysis, we used the program SISUS (SISUS: Stable Isotope Sourcing Using Sampling-Erhardt 2007; Phillips and Gregg 2003) and analyzed data separately for spring and autumn. We corrected for diet-consumer discrimination by using a change of 1% for d 13 C and 3% for d 15 N (DeNiro and Epstein 1981; Kelly 2000; McCutchan et al. 2003; Peterson and Fry 1987) . We ran the model as concentration-dependent by including data on the composition of tissues of the different diet items because of large differences in C:N ratios (Phillips and Koch 2002) in lichens (37.9:0.7), truffles, (47.2:4.3), conifer seeds (53.5:1.6), and soil macroinvertebrates (48.2:12.4-M. BenDavid, pers. obs.).
We thawed fecal samples and placed 2 small portions from each pellet on a microscope slide. One drop of potassium hydroxide (KOH) was added to 1 portion of the sample and mixed vigorously using a razor blade. The other portion of the sample was mixed similarly with a drop of Melzer's solution. KOH is a standard rehydrating medium for mounting fungal spores, and Melzer's can aid in identification of certain fungal genera by reacting with the spore walls and ornamentation to produce a color reaction (Castellano et al. 1989 ). We covered the 2 samples with an 18 3 18-mm coverslip and examined the slide using bright-field microscopy at 1003, 4003, and 1,0003. We identified food items in the entire field of view for each coverslip (Mitchell 2001) . Fungal spores were identified to genus using a spore key (Castellano et al. 1989) . We calculated frequency of occurrence of the fungal taxa as the percentage of occurrence in the total number of fecal samples each season (Mitchell 2001; . We compared the number of genera per fecal sample to season and sex of squirrels using analysis of variance (ANOVA-Zar 1999).
Surveys of food availability and sampling of potential foods.-We used 20-m line transects, pitfall traps, and 1 3 1-m plots to estimate food availability in the 3 habitat types. We used preliminary data from initial surveys during the 1st field season to determine the number of transects required to detect differences in food availability among habitats with a statistical power of 0.90. Using Cohen's (1988:274) effect size index F-test for analysis of variance and covariance (Smith and Harke 2001) and a type I error rate equal to the type II error rate (0.10-Smith and Harke 2001), we established that 15 transects in each habitat would provide sufficient power to detect differences among habitats. We chose to measure 3 transects in each sampled stand to account for within-stand heterogeneity and ensure that each stand was properly represented in our sample. Accordingly, we conducted 135 line-transect surveys (3 surveys per stand 3 15 stands per habitat 3 3 habitat types). We conducted 90 line-transect surveys during the spring and 45 during the autumn. The inequality in surveys between seasons was due to logistical constraint and was not related to the power analysis.
Transect locations within each habitat and the azimuths of transects were chosen randomly. At each site we established transect lines with a compass. A field tape was used to estimate presence and abundance and frequency of occurrence of Vaccinium spp., arboreal lichens, and epigeous fungi by walking along the line and estimating the length of interception for each of the diet items considered. Following the survey and along each transect, 5 pitfall traps were installed to sample nonvolant soil macroinvertebrates. Pitfall traps were 473-ml plastic cups buried in the earth with the lip flush with the surface of the forest floor. A plastic plate was placed over each cup to exclude rainwater and to mimic debris that invertebrates seek for shelter. The traps remained in place for approximately 3 days at which point the contents were emptied into individual plastic bags and frozen until identification and further analysis in the laboratory at the University of Wyoming. A total of 225 traps was collected from each of the 3 habitat types for a total of 675 traps. In the laboratory, macroinvertebrates were identified at least to order using a dissection microscope and guide books (Borror and White 1970; Kaston et al. 1978; White 1983; White and Borror 1998) .
At each of the line-transect survey sites we conducted 2 truffle surveys (spring) during 2004 and 4 (spring and autumn) during 2005. At each end of each transect (all seasons) and 10 m from the center of the line on each side (spring and autumn 2005) we established a 1 3 1-m plot for estimating availability of spruce and hemlock seeds and truffles. The placement of the grid was initially selected at random but subsequently modified to avoid trees, rocks, and densely vegetated areas. We attempted to place the grids under logs (10-70 cm in diameter) whenever possible to maximize encounters with truffles. We recorded and removed downed woody debris and counted spruce and hemlock cones on each plot. We used methods similar to those reported by Clarkson and Mills (1994) to estimate truffle biomass and chose sampling periods that coincided with spring and autumn truffle blooms (Colgan 1997) . We used hand rakes and slowly raked the soil, from the surface of the duff to the organicmineral soil interface. Unearthed truffles were identified to genus and weighed for fresh biomass. In all, we surveyed 150 truffle plots. While digging, we also counted all uncovered earthworms. We collected subsamples of the various potential food items (i.e., lichens, truffles, mushrooms, berries, conifer seeds, new conifer growth, and soil macroinvertebrates) and froze them for use later in stable isotope analysis.
To determine whether food availability of all items, except invertebrates, differed among habitat types and between seasons, we used a nested 2-way ANOVA (Zar 1999) , where the main effects were stand (clear-cut, 2nd-growth, or oldgrowth) and transect (nested within stand) and Scheffé multiple comparison tests. To test for differences in the abundance of soil macroinvertebrates among habitats and seasons, we averaged the number of invertebrates in each trap (5 traps/line-transect survey) along each line transect and similarly used a 2-way ANOVA with stand, season (spring or autumn), and transect (nested within stand) as main effects. Because many of the invertebrates we collected were too small to serve as food for flying squirrels, we categorized the invertebrates as small (,2 mm in length excluding append-ages), medium (2-10 mm), and large (.10 mm). We then repeated the analysis (with a 2-way ANOVA) only for large macroinvertebrates.
RESULTS
We captured and processed a total of 36, 45, 30, 39, and Flaherty and M. BenDavid, pers. obs.) . To ensure that we did not introduce bias to our diet estimates because flying squirrels on POW rarely venture into clear-cuts and 2nd-growth stands (S. Pyare and W. P. Smith, pers. obs.), in subsequent analyses we used the isotopic signatures of items collected in old-growth habitats only. After pooling large-sized soil macroinvertebrates into a single group, invertebrates and epigeous fungi differed isotopically (Table 1 ). The isotopic signature of that soil macroinvertebrate group was not significantly different (P . 0.05) from that of earthworms (Table 1) . Although spruce and hemlock seeds also differed (P , 0.05) isotopically (Table 1) , we used average d
C and d
15 N values of these 2 items to create a category called conifer seeds to reduce the number of food items relative to sample size of squirrels. Finally, we did not include berries in the model because this food item was never identified in our fecal analysis. Therefore, we introduced the following diet categories into a dual-isotope, concentration-dependent linear mixing model: epigeous fungi, truffles, conifer seeds, lichens, and soil macroinvertebrates (Tables 1 and 2; Fig. 2) .
Isotopic values in whole blood of flying squirrels captured during spring were more variable than those captured during autumn (Fig. 2) , suggesting greater variation in diet among individuals. These differences were not related to the sex of (Zar 1999) and K nearest-neighbors randomization tests (Rosing et al. 1998 (Fig. 2) , but only 1 of 15 did so in autumn. Such deviations likely resulted from our use of deterministic discrimination values rather than from pooling diet items (Table 1 ; Fig. 2 ). Using the population means, we estimated with the concentrationdependent mixing model that lichens had the largest contribution to the spring diets of northern flying squirrels (47%) followed by conifer seeds (43%), truffles (4%), and epigeous fungi (4%). During autumn, lichens again had the largest overall contribution to the diet (43%), followed by seeds (33%) and epigeous fungi (10%).
Fecal analysis.-We identified 10 different truffle genera and 2 taxa of epigeous fungi, Boletales and Cortinarius spp., with the latter more frequently consumed in autumn (Table 3) . For truffles, Elaphomyces spp. were present in most samples (35-91%) and consumed in both seasons, followed by Octaviania (9-85%) and Gymnomyces (8-75%), which were largely consumed in autumn (Table 3) . Of the other truffle genera, Hydnotrya was more prevalent in spring feces, whereas Rhizopogon and Sarcosphaera were consumed more frequently in autumn (Table 3) . No significant difference (F 2,83 5 0.115, P 5 0.736) existed in the mean number of fungi genera consumed between males and females. Overall, truffles and lichens occurred most often in flying squirrel feces in both spring and autumn; truffle spores were found in 82-96% of the samples, whereas lichen material was found in 100% of the fecal samples during spring and 90% during autumn (Table 4 ). The next most common food item was vegetation, which was equally consumed in both seasons, followed by epigeous fungi, which were largely consumed in autumn (Table 4) . Soil macroinvertebrates, specifically wing parts, also were present, although infrequently, in feces from both seasons (Table 4) . Food availability.-In general, availability of potential food items for flying squirrels did not differ (P . 0.05) seasonally, except for hemlock and spruce seeds and Vaccinium spp. (Table 5 ), which were approximately 2.5 (X 6 SE, 261 6 22 cones in spring versus 104 6 29 cones in autumn) and 2.9 (13 6 4 cones in spring versus 5 6 2 cones in autumn) times more available during spring in old-growth for hemlock and spruce cones, respectively, whereas Vaccinium was more available in autumn (526.97 6 75.35 cm in spring versus 714.13 6 95.20 cm in autumn; Table 5 ). Transects in old-growth forest stands had 30 times more spruce cones than managed habitats (Table 5) . Hemlock cones were 20 times more abundant in old-growth compared with 2nd-growth stands and 9 times more abundant than in clear-cuts (Table 5) . Similarly, Vaccinium spp. were 2-3 times more common in old-growth (Table 5 ) than in managed habitats (Table 5) . We found no truffles in 2nd-growth stands; truffles were about 2.5 times more abundant in old-growth plots than in clear-cuts (P 5 0.034). Similarly, there was twice as much lichen in oldgrowth stands than in clear-cuts and 9 times more than in 2nd-growth stands (Table 5 ; P 5 0.002). We found no difference (P . 0.05) in the abundance of epigeous fungi among habitats (Table 5 ). In all surveys of truffles we identified only the genus Elaphomyces, which in some of the 1-m 2 plots in oldgrowth forest reached a total biomass of 32 g.
We collected .3,700 soil macroinvertebrate specimens, which were identified to 13 taxa: Acari, Araneida, Coleoptera, Collembola, Diplopoda, Diptera, Gastropoda, Hymenoptera, Isopoda, Isoptera, Oligochaeta, Opiliones, and Scolopendromorpha. Acarina and Coleoptera were the most abundant orders, comprising .33% and .23% of macroinvertebrates sampled, respectively. Traps along transects in 2nd-growth stands had significantly more soil macroinvertebrates than the other 2 habitats; clear-cuts had the fewest invertebrates (F 2,675 5 10.225, P 5 0.006; Fig. 3) .
After excluding the small (Araneidae, Collembola, Acari, Diptera, and Opiliones) and medium-sized (Buprestidae [Coleoptera] (2005) surveys on Prince of Wales Island, Southeast Alaska. In each of 15 stands per habitat we conducted 3 surveys for a total of 135 line-transects. We report P-values (statistically significant in bold) from a nested ANOVA for comparing availability of food between stands and differences in availability between spring and autumn.
Food item
Habitat (X 6 SE) Diplopoda [e.g., a small, black millipede and Harpaphe hadeniana], and Oligochaeta [earthworms]), only S. angusticollis and Pterostichus spp. were more abundant in 2nd-growth stands than in other habitats (F 2,673 5 9.539, P 5 0.008, and F 2,673 5 9.446, P 5 0.008, respectively; Fig. 4 ). Oligochaetes were more available in clear-cuts (F 2,673 5 9.266, P 5 0.008; Fig. 4) . No consistent seasonal differences in the number of large soil macroinvertebrates were found among the 3 habitat types (Fig. 4) .
DISCUSSION
Both stable isotope and fecal analyses revealed that arboreal lichens, conifer seeds, and fungal sporocarps were the main dietary items consumed and assimilated by G. sabrinus on POW. Both analyses also highlighted the increased importance of fungi, especially epigeous fungi, during autumn, and lichens during spring. Similarly, both methods revealed that vegetation, likely in the form of conifer seeds, and soil macroinvertebrates were consumed by squirrels, whereas berries were not. Finally, using both methods we did not detect any differences in diet between the sexes. The main disagreement between the 2 methods was the contribution and importance of truffles. Although examination of stable isotope data suggested that squirrels assimilated few nutrients from truffles (especially N), truffle spores were among the most frequent diet items in feces. It is possible that squirrels frequently consumed truffles but little N was assimilated from this food source.
The discrepancy between results from stable isotopes and fecal analyses potentially could be explained by our use of data only for Elaphomyces spp. to represent the isotopic values of all truffles. It is possible that other truffles consumed by G. s. griseifrons have different isotopic signatures and that their inclusion would have changed our results. Several animals during both spring and autumn had values that were not included in the isotopic mixing space. Although such misalignment of consumer and diet items could result from effects of habitat use (E. A. Flaherty and M. Ben-David, pers. obs.), diet quality, elemental routing, tissue-turnover rates, and variation in the length of the assimilation period (Karasov and Martinez del Rio 2007) , this misalignment most commonly occurs when potential foods are excluded (Newsome et al. 2007 ). Nonetheless, because relatively few animals were misaligned with the mixing space, and overall the isotopic signatures of both mushrooms and truffles were similar (especially in 15 N), it is not likely that our results would have changed dramatically had we sampled other truffles. It is important to note here that we did not analyze other truffle species for stable isotopes because we encountered none during our surveys.
Alternatively, it is possible that although G. sabrinus consumes large quantities of truffles, when these squirrels are limited to Elaphomyces spp. they may assimilate little of this resource. Past research indicates that movements, population density (Gomez et al. 2005 with availability of truffles. However, when consumed as the sole food source, Elaphomyces has minimal nutritional value for G. sabrinus (Cork and Kenagy 1989) , other small mammals are unable to maintain body mass when consuming this resource (Cork and Kenagy 1989; Dubay et al. 2008) , and in areas and seasons with high species richness, G. sabrinus will not consume Elaphomyces (Meyer et al. 2005) . Thus, the dominance of Elaphomyces in our sampling plots and in the feces suggests that flying squirrels on POW likely assimilated few nutrients from the majority of truffles they consumed. Moreover, past work indicates that most of the N found in truffles is indigestible by flying squirrels and other small mammals (Claridge and Cork 1994; Claridge et al. 1999; Cork and Kenagy 1989) ; other nutrients, such as potassium, phosphorous, and vitamin D, that occur in Elaphomyces may explain the preference for this diet item (Dubay et al. 2008) . Similarly, although low in N, fiber, lipids, and other important nutrients (Dubay et al. 2008) , arboreal lichens are high in calcium (Ca) and have high digestibility (Robbins 1987) . It is possible that flying squirrels consume high amounts of lichen to maintain Ca uptake and include other diet item such as conifer seeds, invertebrates, and epigeous fungi to mitigate the low availability of N and other nutrients in truffles and lichens; mixed diets are common among mycophagist mammals (McIlwee and Johnson 1998; Orrock and Pagels 2002) .
Our dietary estimates from both fecal and isotope analyses contrast with some findings of previous research in Southeast Alaska and are more similar to diets reported for G. sabrinus in other parts of its range (Smith 2007) , where typically 100% of fecal samples contained fungal spores (Rosentreter et al. 1997; Wheatley 2007) . identified truffle spores in 50.4% of their autumn samples compared to 82% in this study. Furthermore, our analysis indicated that flying squirrel diets in the northern part of POW contained a greater diversity of truffle genera than reported by . They identified only 3 genera (mostly Elaphomyces, and some Hymenogaster and Sclerogaster), whereas we identified a minimum of 5-8 genera. Similarly, whereas both stable isotopes and fecal analyses identified lichens as an important food source, reported that only 27% of their samples contained lichens. In addition, encountered relatively few epigeous fungal spores in their sample of squirrel feces, whereas we estimated this to be an important resource for flying squirrels in autumn. It is possible that the differences in dietary estimates between the 2 studies on POW stem from timing of sampling; collected their samples mainly during summer, whereas we sampled squirrels during spring and autumn. Future studies that include all seasons may better elucidate the factors responsible for the divergent dietary estimates of these 2 studies.
The higher variation in diet among individual squirrels during spring corresponded with higher consumption of conifer seeds. In conifers a new crop of cones is produced in summer (Koenig and Knops 2000) , and although flying squirrels rarely harvest and cache cones in middens like red squirrels (Tamiasciurus hudsonicus-Mowery and Zasada 1984), they likely are able to reach these newly developing cones in autumn. Therefore, it is surprising that conifer seeds were more prominent in spring than autumn diets. We suspect that the higher consumption of conifer seeds during spring is a function of lower availability of truffles, other than Elaphomyces, during this time of year. Although we did not encounter any such truffles in our plots in either spring or autumn, the higher occurrence of Gymnomyces, Hymenogaster, Octavianina, Rhizopogon, and Sarcosphaera in feces during autumn suggests that they were more abundant at that time of year. Given this observation and equal abundance of mushrooms during spring and autumn, it is surprising that squirrels consumed more mushrooms during autumn. Whether autumn mushrooms provide better nutritional value for flying squirrels than those developing in spring is unknown and merits further investigation.
Our dietary data are based on samples collected from animals captured in old-growth stands only. It is possible that we would have drawn different conclusions had we sampled flying squirrels in 2nd-growth stands. Past work has indicated that 2nd-growth habitats can support populations of flying squirrels in other parts of their range (Ransome et al. 2004; Ransome and Sullivan 2003; Wheatley et al. 2005) . Nonetheless, Smith (2007) cautioned that population density may not be a reliable indicator of habitat quality. Results from a study on POW comparing flying squirrel use of peatland-mixed conifer to old-growth habitats initially indicated that the number of reproductive females was greater in peatlandmixed conifer stands than in old-growth stands and that recruitment was only slightly lower in the former (Smith and Nichols 2003) . However, later population modeling indicated that peatland-mixed conifer stands actually functioned as population sinks (Smith and Person 2007) . Moreover, perceptual range and fine-scale movement data (Flaherty et al. 2008) , energetics measurements related to the costs of running versus gliding (E. A. Flaherty, pers. obs.), telemetry data, and dispersal modeling (S. Pyare and W. P. Smith, pers. obs.) indicate that northern flying squirrels on POW actively avoid 2nd-growth stands.
Our results suggest low availability of potentially critical food items in managed habitats, which may constrain dispersal of G. sabrinus across clear-cut and 2nd-growth habitats. Conifer seeds, truffles, and Vaccinium spp. were all significantly more abundant in old-growth habitat. Furthermore, the hemlock and spruce cones we sampled in clear-cuts were likely remnants of the once present old-growth stand and consequently are likely only available for a short time postlogging. Similarly, although we encountered truffles in clear-cut plots, it is unclear how available this resource is in young regenerating stands, because we found truffles only where the roots of tree stumps had not completely died; we recorded no truffles in clear-cuts older than 2-3 years postharvest. Except for 1 sporocarp uncovered while digging a pitfall trap in a .40-year-old stand, we found no truffles in 2nd-growth habitat. Carey et al. (2002) suggested that harvest plans that leave legacy (i.e., old-growth trees) in managed stands will increase the persistence of truffles. This has not been the prescribed management practice in more than 4 decades of logging POW (United States Department of Agriculture Forest Service 1997), nor is it clear if legacy retention will achieve this objective because of the vulnerability of leave trees to windthrow (Concannon 1995) . We do acknowledge that our truffle survey technique likely was inadequate to detect the majority of genera because we were only able to uncover 1 of 8 consumed by the squirrels. Nonetheless, the low occurrence of 5 of these genera in the feces of squirrels (especially in spring) suggests that they were rare even in old-growth habitats. Future work should consider using a trained, truffle-detecting dog for line-transect surveys or increasing survey intensity.
Availability of mushrooms and lichens, both important diet items during autumn, was similar in old-growth and clear-cut stands. Nonetheless, both were lower in 2nd-growth habitats that comprise the majority of the managed landscape on POW because of declining frequency of timber harvest in recent years. That lichens were less available in 2nd-growth stands suggests that the lichens found in clear-cuts likely remained from felled trees during the harvest rather than having been blown in from adjacent old-growth stands. Lichens surveyed in clear-cuts were desiccated and appeared older than those surveyed in old growth. Consequently, this resource (like conifer cones) will be available only during a brief period after logging.
Conversely, soil macroinvertebrates, especially those larger than 10 mm, were more abundant in managed habitats than in old-growth stands. Soil moisture is presumably lower in clearcuts and some 2nd-growth habitats because of the absence of a developed canopy, which affects decomposition, evaporation, and other soil characteristics that influence habitat use by soil invertebrates (Niemelä 1997) . Given our relatively high estimates of proportion of soil macroinvertebrates from stable isotope analyses during both spring and autumn, it appears as though flying squirrels dispersing through the managed matrix potentially could replenish depleted energy stores by consuming invertebrates. However, examination of feces indicated that none of the most abundant invertebrates actually were consumed by flying squirrels. Rather, invertebrate remains in feces were small wing parts likely from flies that were consumed coincidentally when flying squirrels fed on mushrooms. Thus, the high abundance of soil macroinvertebrates in managed habitats likely would not improve the foraging success of dispersing flying squirrels.
The high proportion of 2nd-growth stands in the managed matrix on POW, the lack of truffles in those stands and their limited temporal availability in clear-cuts, and the relatively low availability of other alternative foods likely will result in low encounter rates by dispersing squirrels. Low encounter rates with food resources will cause squirrels to commit additional time to foraging in this high-cost environment. The extent to which increased foraging time directly influences dispersal success is unclear, but increasing search time will presumably increase predation risk because flying squirrels could not launch into evasive glides in clear-cut and 2nd-growth stands that lack tall trees while increasing energy expenditure in unfamiliar and structurally deficient habitats (E. A. Flaherty, pers. obs.) . Further work is needed to explore the relationship between predation risk and stand age in managed forests.
In conclusion, despite the varied diet of G. sabrinus in Southeast Alaska, availability of potential foods is low in managed habitats compared to old-growth forest. Therefore, continued loss of such stands from timber harvest might cause further decline in overall food availability across managed landscapes. Food resources, which were significantly lower in managed stands on POW, are among the most significant factors limiting populations of G. sabrinus (Lehmkuhl et al. 2006; Ransome and Sullivan 1997; Smith 2007 ) and affect reproduction, survival, recruitment, space use, habitat core-use areas, and home-range size (Holloway 2006; Menzel et al. 2004) . Because natal and adult breeding dispersal in managed rain forests on POW require that flying squirrels move long distances (Smith et al., in press ), these animals likely will encounter clear-cut and 2nd-growth stands. Although these high-cost habitats might not completely eliminate flying squirrel dispersal, the substantially lower permeability of managed stands (Smith et al., in press) could significantly reduce survival and dispersal success (Ransome and Sullivan 2003) .
Low use of early seral habitats by flying squirrels could reduce the dissemination of fungal spores into managed stands (Pyare and Longland 2001) . Although low soil moisture (Harvey et al. 1979; Luoma et al. 1991) and decreased abundance of coarse woody debris are responsible for the low production of truffles in the managed stands (Amaranthus et al. 1994; Clarkson and Mills 1994) , lower inoculation rates of tree roots (Pyare and Longland 2001) could add to the slower rates of fungal establishment in early seral forests. Because the small mammal fauna of Southeast Alaska is depauperate (MacDonald and Cook 1996) , few alternative mycophagists are available to serve as spore vectors. Thus, the persistence of flying squirrels in managed landscapes may be necessary to ensure the timely inoculation and reestablishment of colonies of ectomycorrhizal fungi that promote forest development (Carey et al. 1999) . Arguably, ensuring the proliferation of mycorrhizal fungi in managed landscapes is important for regenerating timber resources. Nevertheless, without adequate food resources, the ability of flying squirrels to replenish energy stores while dispersing across 2nd-growth and clearcut habitats may be limited, and populations in managed landscapes are at risk of becoming isolated. Without dispersal, the persistence of G. sabrinus in managed landscapes is uncertain (Smith and Person 2007) .
